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ABSTRAK 
System Dynamics (8m telah diperkenalkan oleh P~ofc~sor Jay W 
Forrester dnripada Institut Teknologt Massachusetts sejak 35 tahun yang la lu . 
P ada m ulanya penggunaan simulasi s'ys/em dynamics digunakan dalam bitlang 
ekonomi , tetapi kini ianya dil<embangka n dalam bidang,hidang la in. Pl'Oj k ini 
merupakan sa tu kajia n untuk mengetahui sa rna ada opcrasi-operasi shop floor 
boleh dipersembahka n dengan menggunakan sebuah perisian si mulasi system 
dynamics yang dipang 'I ithink 5.0. Terdapat tiga hahagia ll yang pentlng 
dalam operasi-operas i shop floor seperti mesin ringkas, mesin produksi dan 
mes in pemasangan . Dlllam ketiga-tiga mesin iui terdapat beberapa elemen yang 
penting untuk Jl1cnunjukkan identit i mesin·mesin tersebut. Dlllam mCllJaYilknn 
projek lIll. kaedalo mnde l Jl1atclllatlk dan s Imulasi digllnakan untll k 




Sys/plII Dyrwmics (SD) was introduced by Professor- Jay W. Forrester 
from Massachusetts Institute of Technology si nce 35 yenrs ago. Earlier , the uRllge 
of system dynamics s im ulation was used in economy field , but now it is 
diversified in other fie lds. This project is a study to know whether the shop Door 
operations ca n be presen ted by llsi ng a system dynamics s imula tion software 
called ilhink 5.0. There a re three importa nt pa rts in the shop floor operations 
s uch as simple machine, prod uction machine and a ssem bly machine. rn these 
three m achines, there are a few impor tant elements to show the machines 
identity. I:, order to make this project s uccessful, ma thematical model method 
and sim ulation aloe used to obtain the correct rCHults . 
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CHAPTEll l 
INTRODUCTION 
1.1 What is System Dy namics? 
System Dynamics (SD) is a me thod for managing a nd ~tudying the 
complex feedback system. It w as introduced by Professor ,Jay W. Forrester of the 
Massachusetts Instit ute of Technology a nd has been developer! for the last 35 
yea rs. According to him , "system dynamics combines the theory, methods and 
philosophy needed to analyze the behavior oj systems in nol only manmwmelll , bill 
also in environTl/ r" l.tal change, politics, economic beha vior, lIIedicine, el/,gi/lN'ri ll~ 
a.nd other field s. SySIPI1L dynamics provides a commoll frmndation thai Can I>e 
applied wherever we want to IJ,nderstand and influence how things change 
through time", [Forrester.J W,. 1991] 
It has been used in order to address every sort of feedback system, [n 
othe r word, the feedback refe rs to a condition of A affecting B and B in turn 
affecti ng A through a chain of causes and effects. Figure 1.1 shows the feed hack 
sys tem, By studying the whole syste m including the feedback sys tem , the correct 
results can be obtained. 
The concept of system dynamics is to understand the object in a sys tem 
interactl:ng with another. The feedback loop in a syst,cm in teracted by the objects 
a nd people . When the re is a cha nge in one va riable, it will a ffect other "ria bles 
over time, which affects back the origina l variable a nd ~o on, [Sys t nI J)ynnm ics 
Sorie ty, 200 11 
1 
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Figu,'c 1.1 Feedback system. 
In system dyna mics, it is assumed that eve rything happened or ewry 
system ope rations in this world can be described by interact ing quantities 
systems with the feedback loops. P reviously, system dynamics W 3, applied for 
t he economic system a nd afte r that, it is currently u$eo in m<lny other 
di sciplines. rSchecker H . P., 1998] 
The in fo nnllLlo n about the workforce, lI1ven tones :;md prOdUt'tlO ll in a 
m anufacturing system are combined to form continuous information flows in a 
continuous feedback modeL The flow of information and materia ls th rough 
different sectors of the model is determined by manage ria l dec is ion. To dea l with 
the aggregate production pla nning and to study the characte ri s ti cs of the va rious 
production systems in a continuous tim e hori zon, several approaches have bee n 
proposed. A high level of aggrega tion is usually required to model a production 
system because of the nature of this analytical m ethodology. System dynamics is 
used to model the ma nage ria l behaviours of a particular system as possible and 
produce models responsive to the comp lexities in troduced by the specifi c decis ion 
e nvironment, To make the decision-maker enabled, compute r s imu lntion could be 
used to test va rious a ltern atives in an ite ra tive fashion. 
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The basic elements of a system dynamics model are shown in Figure 1.2. 
T here a re three basic system components in the model: 
1) L et'el. It is the integration of flow within a system. For exa mple, the 
number of employees hired, or the work pieces waiting to be processe d . 
2) 	 Flow rate. Flow rate is described as the present flows between the 
levels in the system. The flow rates are obtained by the levels of the 
system according to the decision functions r ules. The rates in tUIn 
obtain the levels magnitudes. 
3) 	 Decision functi.ons. H is the policy statements obtained on huw the 
available information about levels (the current states) leads to the 
decisions (the current rates). [Wu B., 19!14j 
( I . . 
- -	 ,7"-- L --~-.-, 	
1l J­. I 	 I_ -or• '1-'i r/"· I 
J 
( . .. .. I 	 II 
~-
I 	 I 
o 
o A UXil Iary funClion 
IIAm flo w en , n I• 
Figure 1.2 Basic elements ofSD model. f\Vu B. , 1!l94] 
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1.2 What is Shop Floor O peration? 
Shop floor oper ation is a process of converting the raw mater ials to the 
resu lt of product in a plant. Any types of production must h ave bas ic function to 
be ca rried out in order to convert the raw materials in to fi ni shed product. The 
basic fu nctions are: 
1) Processin g 
2) Assembly 
3) Material handl ing and storage 
4) Inspection ancl test 
5) Control 
The processing, assembly, materIal handling and s torage, inspection and 
test a re the physical activities to m~ke Lhe row materials become a fi nished 
prod uct. 1'hr basic fuuctions of processing and assembly lire the activities t hat 
odd value to the product, but the third a nd the fourth funct ionll have to be 
performed in a manufacturing plant and they are not added val ue to the product. 
The fifth function is used to regulate a nd coordinate the phy"'icaJ activities. 
Figure 1.3 shows the fi ve functions of manufacturing. 
H B'oo\l 
m .,Hf!riah; 
Fat rctry opc ' ~tl o n s 
r- i"lsh~d 
p rDduct 
Figur e 1.3 Model of the factory showing five functions of man ufactu ring. 
[Groover M p , 1987] 
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1.2.1 Processing Operations 
This type of op >ra tion is converting tbe producl frum one state of 
compl('tion inle a many advanced s tate of comple tion. At th is stage, there are no 
eUOlpunents or ma terials added or aRsembled to complete the t ransformation . The 
usage of energy such as mechanical, electrical, chemical and heat are added to 
alte r its physica.l properties, rem ve mate ri a l from it. accomplish other forms of 
work to change it /l lld change the shape of tbe part. In processing o~rations, it 
CRn be divided into four categories: 
1) Dasic processes 
2) Secondary pro esses 
3) Operations to enha nce physica.l properties 
4) Finishing op,'rations. 
Basic prQCeS8e" are the proe $ 8 to ullike the work mllterIal hecome its 
initial fonn. for example, metal cllsting and plastic moulding. In nplal cllsting 
and plastic moulding processes, the raw materials will be changed to the basic 
geometry of the req uired product. 
For the secondary processes, it is applied to make t he work piece become 
its nnul required geometry, for exa mple, milling, drilling and turning and 
pressworking or stumping ope rations such as formi ng, blanking and drawing. 
The physical geometry of the work part is not changed in the operations Lo 
enha nce physical properties. but. the physical properties are improved Ly 
carrying out additional operations . For example, preshrinki ng that is used in the 
garment industry a nd strengthetJ ~ met.al parts by using ht:at· treating operations. 
Finish ing operations a re the fina l processes that will be used on the work 
piece . At this operation level, it is used to provide H pmLect.ave oating, or to 
CHAPTER I lNTROf)UCTlON 
improve the phy~ical appearance of the work piec,,~ . For example, pa inti ng. 
ch rome plating and polishing. 
There a rc tivc inputs that are involved in the shop floor opera tion: 
1) Raw ma leri Als 
2) Eq ui pmen!. (machine tools) 
3) Tooling a nd fixt ures 
4) Energy (elect rical energy) 
5) Labour 
T he raw ma terials (or work-in· progress) arC value added by transforming 
it into a more desirable s tate in manufacturi ng processes. The pmce. s is 
determined on prod uction equipment tha t reflects the capit al inves tment by t he 
firm. The equipment is fiex.b ly used to the particular work piece by th., usp of 
tools, fi xtu reti. moulds a nd din sets. For the given wO"k part, the tool.l1lr have to 
be designed specifica lly . E lect,'ical energy is tho common en rgy lhat iH used to 
operate the machi ne and the prod uctioIl equipment. Labour is the human 
resources to ope rate the mac hine or production eq uipment, check for 
malfunctions of the machine, load the raw work piece and unload the piece when 
the process is completed. 
For a ll of the processes in the world must have the input a nd output, so 
does the ma nufac t.uring process. Manufactu rin l' process has two outputs: 
1) The com pie ted work piece 
2) Scrap and waste 
The comple ted work piece is in acco rdance to the required output from the 
particular manufacturing process. Before getting the finished part, the work 
piece must go through several processes \J n t il the last operation . 
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The SCI'fI I' fro m the work piece maybe in the form of skeleton (sheet metal 
pressworking operatio ns), metal chips (machining Ope t'Ht.;ons) , sprue and r unne r 
(plastic mou lding) and many more. On the other hand, the waste comes fro m the 
tools consumed in the operat ion, heat losses and the mechanical effici ency of the 
mac hine tooL 
1.2.2 Assembly Operation 
Assem bly operation is the second process after processing operations in 
manufacturing. In thi s opera tion , two or more component~ are joined togethe r to 
obtain a product. The examples for the assembly operation are joining jJrOCess, 
such as welding, spot·welding, soldering and brazing, mechanical faste ni ng 
operations that make usc of screws, rivets and nuts. 
1.2,3 Material Handling and Storage 
In between the processing operations and assembly op",.·ations, the 
materials have to be moved and stored. Tile material hantlhtg :1nd s torage 
operation consume a lot of time rather than being processed. Hence, the labour 
cost in handling, moving and storing the materials is expensive. 
1.2.4 Inspection and Test iug 
Inspection and testing opera tion can be classified as the quality control of 
the product. The need of product inspection in manufacturing is to make s ure the 
products meet the customer's requirements, design s tandards and specifications . 
For example, inspection on the mechanical part, whethe r it follow s the rcqu irpd 
d imensions within the tolerances shown on the engineering drawing for that 
pa rt. 
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Testing is t he functional specifica tions fo r the fina l product rather thlln 
the single part that goes into t he product. ]1'or example, the testing on a product 
to enRu re it can operate and fu nction in the required ma nner. 
1.2.5 	 Control 
The control consists of individual processing and assembly operations 
regulation and plant·level activities management. At the process level, the 
control is involve in the ach ievement of the certa in performa nce objectives by thl' 
inputs proper manipulation to the process. On the other hand, at the plant level, 
the control is consisted of effec tive labour use, equipment maintenance, moving 
the materialfl in the factory. shipping products of good quality on schedule and 
maintain the operating costs at the minimum level. The control operation (l.t the 
plant level is the major point of the intersection between the physical operation" 
and the inform tion' processing activities in product.ion. 
1.3 	 The Relationship Between System DYllamics and Sbop F loor 
Operations 
In shop floor operations, there are many things t aken into consideration 
when transforming the raw materials to finished products . Every parts of the 
process are always depending on time and this is considered as a sys tem 
dynamics or dynamics process. The process will produce more if the time needed 
i.s less and indirectly reducing the cost of operations. 
For the production process it is important to consider the set up lime, T", . 
Setup time is referred to as the tim e to a rrange the workplace and installing the 
tooling and fixturing requil'cd for the product. Bcsidefl that, the num ber of 
machine required. nn>, to handle the process mllst be counted too. Here, it is 
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